Opioid peptides appear to be important neurochemical mediators in central nervous system mechanisms of analgesia, cardiovascular control, and many endocrinological responses to stress. The nucleus tractus solitarius (NTS), a brain region expressing all 3 opioid peptide families, is also associated with regulation of autonomic and endocrine functions. We now report that electrical stimulation of the NTS causes pronounced analgesia in rats. This analgesia appears to involve opioids and is pharmacologically dissociable from the hemodynamic changes elicited by NTS stimulation. These results suggest the NTS as a neural substrate for inter-relationships between stress, cardiovascular function, alterations in respiration, and pain sensitivity.
INTRODUCTION
Intimate associations between pain sensitivity, cardiovascular function, opioid peptides, and the response to stress are now beginning to be revealed 1°' 28. The nucleus tractus solitarius (NTS), located in the caudal medulla and well-known to be involved in cardiovascular and respiratory regulation (e.g. ref.
8) may be a neural locus for these interactions. Converging lines of evidence have led us to hypothesize that the NTS could also be an integral part of endogenous pain-inhibitory systems that involve opioid peptides. Biochemically, this region contains opioid receptors and peptides derived from all 3 opioid precursor families: pro-opiomelanocortin, pro-enkephalin, and pro-dynorphin 2'11A2'18'32. Anatomically, the NTS has extensive projections to, or receives afferents from, several brain loci thought to be involved in pain and pain-inhibition (e.g., periaqueductal/periventricular gray matter, nucleus raphe magnus, and the spinal cord) 23'29. Behaviorally, microinjection of morphine 24 or noradrenergic agents 21 into the NTS causes analgesia.
We now report that electrical stimulation of the NTS causes opioid-mediated analgesia in pentobarbital-anesthetized rats. Thus, while the NTS is not classically thought of as being along the pain pathway, our findings suggest the existence of a close structural and functional interface between cardiovascular/respiratory control and regulation of responsiveness to noxious stimuli. This interface appears to take place at a very early autonomic relay station in the central nervous system. A preliminary report of these data has been made 13.
MATERIALS AND METHODS

Experiment 1. Analgesic effect of NTS stimulation
Subjects were male Sprague-Dawley rats (200-250 g; Charles River Laboratories, Worcester, MA). Pain sensitivity was assessed using the tail-flick test 7 with a maximum response latency of 10 s imposed to minimize tissue damage. In the present experiments, the analgesic effect of brain stimulation was determined in rats anesthetized with sodium pentobarbital. That behavioral measurements ob- 
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